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In this article, we study some new properties of the block matrices. Introduce the 

methods for finding the block matrices of any matrix. We prove some of these methods 

by using the matrix analysis methods. Some results of this paper are proved by using 

the permutations of matrices of the block matrices. In the last of this study, some 

examples are introduced to explain the results of this work and we give some MATLAB 

code in the appendix to explain the results of this article. 

Keywords: 

block matrices, permutation matrices, MATLAB 

code 

1. INTRODUCTION

In mathematics, a block matrix or a partitioned matrix is a

matrix that is interpreted as having been broken into sections 

called blocks or submatrices [1]. Intuitively, a matrix 

interpreted as a block matrix can be visualized as the original 

matrix with a collection of horizontal and vertical lines, which 

break it up, or partition it, into a collection of smaller matrices 

[2]. Any matrix may be interpreted as a block matrix in one or 

more ways, with each interpretation defined by how its rows 

and columns are partitioned. 

Block matrices are widely used in physics and applied 

mathematics, and they are used naturally to describe systems 

with several discrete variables (such as quantum spin, quark 

colour, and flavour, for example) [2-7]. Block matrices are 

also used in several computational techniques that are 

common among fluid dynamics researchers [8-10]. For both 

analytical and numerical applications, it is virtually 

universally necessary to determine the determinants of these 

matrices [1, 11-13]. 

In this section we define the permutation matrices for block 

matrices in general method and we introduced the definition 

of permutation block matrices. some new idea are given to 

calculate the block matrices for any given matrix. 

This section contains some results of finding block matrices. 

These results suggest the new properties of block matrices 

form the given matrices. 

We have two tapes of matrices according the number of 

rows (m) and columns (n). 

Square matrices when (m=n) and non-square matrices when 

(m≠n). 

SQUARE MATRICES 

It is a matrix in which the number of rows equals the number 

of columns when (m=n). 

𝐴 = [

𝑎11 𝑎12 ⋯ 𝑎1𝑛

𝑎21 𝑎22 … 𝑎2𝑛

⋮ ⋮ ⋱ ⋮
𝑎𝑛1 𝑎𝑛2 ⋯ 𝑎𝑛𝑛

]

𝑛×𝑛

Write the block matrices from any matrix by using way: 

1.1 Method equal division 

Divided the main matrix in to square sub-matrices and of 

the same size like in the follows: 

𝑨 =

[

𝒂𝟏𝟏 … 𝒂𝟏(𝒌) 𝒂𝟏(𝒌+𝟏) ⋯ 𝒂𝟏(𝟐𝒌) ⋯ 𝒂𝟏(𝒑𝒌+𝟏) ⋯ 𝒂𝟏(𝒓𝒌=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌)𝟏 ⋯ 𝒂(𝒌)(𝒌) 𝒂(𝒌)(𝒌+𝟏) ⋯ 𝒂(𝒌)(𝟐𝒌) ⋯ 𝒂(𝒌)(𝒑𝒌+𝟏) ⋯ 𝒂(𝒌)(𝒓𝒌=𝒏)

𝒂(𝒌+𝟏) ⋯ 𝒂(𝒌+𝟏)(𝒌) 𝒂(𝒌+𝟏)(𝒌+𝟏) ⋯ 𝒂(𝒌+𝟏)(𝟐𝒌) ⋯ 𝒂(𝒌+𝟏)(𝒑𝒌+𝟏) ⋯ 𝒂(𝒌+𝟏)(𝒓𝒌=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝟐𝒌)𝟏 ⋯ 𝒂(𝟐𝒌)(𝒌) 𝒂(𝟐𝒌)(𝒌+𝟏) ⋯ 𝒂(𝟐𝒌)(𝟐𝒌) ⋯ 𝒂(𝟐𝒌)(𝒑𝒌+𝟏) ⋯ 𝒂(𝟐𝒌)(𝒓𝒌=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒑𝒌+𝟏)𝟏 ⋯ 𝒂(𝒑𝒌+𝟏)(𝒌) 𝒂(𝒑𝒌+𝟏)(𝒌+𝟏) ⋯ 𝒂(𝒑𝒌+𝟏)(𝟐𝒌) ⋯ 𝒂(𝒑𝒌+𝟏)(𝒑𝒌+𝟏) ⋯ 𝒂(𝒑𝒌+𝟏)(𝒓𝒌=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒓𝒌=𝒏)𝟏 ⋯ 𝒂(𝒓𝒌=𝒏)(𝒌) 𝒂(𝒓𝒌=𝒏)(𝒌+𝟏) ⋯ 𝒂(𝒓𝒌=𝒏)(𝟐𝒌) ⋯ 𝒂(𝒓𝒌=𝒏)(𝒑𝒌+𝟏) ⋯ 𝒂(𝒓𝒌=𝒏)(𝒓𝒌=𝒏)]

= [

𝐴11 𝐴12 ⋯ 𝐴1𝑏

𝐴12 𝐴22 ⋯ 𝐴2𝑏

⋮ ⋮ ⋱ ⋮
𝐴𝑏1 𝐴𝑏2 ⋯ 𝐴𝑏𝑏

] 
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In this case the obtained matrix will be square sup-matrices. 

𝐴11 = [

𝑎11 ⋯ 𝑎1(𝑘)

⋮ ⋱ ⋮
𝑎(𝑘)1 ⋯ 𝑎(𝑘)(𝑘)

]

𝑘×𝑘

𝐴12= [

𝑎1(𝑘+1) ⋯ 𝑎1(2𝑘)

⋮ ⋱ ⋮
𝑎(𝑘)(𝑘+1) ⋯ 𝑎(𝑘)(2𝑘)

]

𝑘×𝑘

… 

𝐴𝑏𝑏 = [

𝒂(𝒑𝒌+𝟏)(𝒑𝒌+𝟏) ⋯ 𝒂(𝒑𝒌+𝟏)(𝒓𝒌=𝒏)

⋮ ⋱ ⋮
𝒂(𝒓𝒌=𝒏)(𝒑𝒌+𝟏) ⋯ 𝒂(𝒓𝒌=𝒏)(𝒓𝒌=𝒏)

]

𝑘×𝑘

To find the identity block matrices we have two methods: 

Theorem (1-1-1) 

The first method to finding the block matrices by using the 

main diagonal of the block matrix which (A11, A22, …, Abb) 

write the identity matrix for these sup-matrices and the rest of 

the sup-matrices in the same row are zero matrices as follows: 

𝐴 = [
𝐴11 ⋯ 𝐴1𝑏

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

] 

It will be like this 

𝐼 = [

𝐼11 012 ⋯ 01𝑏

⋮ ⋮ ⋱ ⋮
0𝑏12 ⋯ 0𝑏(𝑏−1) 𝐼𝑏𝑏

] 

Proof 

Since all sup-matrix of (k × k) matrices then the identity 

matrix which in each row and column contains only one 

element with a value of 1 and the rest of the elements in that 

row or column are zeros will be in form: 

𝐼𝑖𝑗 = [
1 0 ⋯
⋮ ⋱ ⋮
0 ⋯ 1

]

𝐾×𝐾

𝐴𝐼 = [
𝐴11 ⋯ 𝐴1𝑏

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

]

𝑏×𝑏

[

𝐼11 012 ⋯ 01𝑏

⋮ ⋮ ⋱ ⋮
0𝑏1 ⋯ 0𝑏(𝑏−1) 𝐼𝑏𝑏

]

𝑏×𝑏

= [

𝐴11𝐼11 + 𝐴12021 + ⋯ + 𝐴1𝑏0𝑏1 ⋯ 𝐴1101𝑏 + ⋯ + 𝐴1(𝑏−1)0𝑏(𝑏−1) + 𝐴1𝑏𝐼𝑏𝑏

⋮ ⋱ ⋮
𝐴𝑏1𝐼11 + 𝐴𝑏2021 + ⋯+ 𝐴𝑏𝑏0𝑏1 ⋯ 𝐴𝑏101𝑏 + ⋯+ 𝐴𝑏(𝑏−1)0𝑏(𝑏−1) + 𝐴𝑏𝑏𝐼𝑏𝑏

] 

∴ 𝐴𝑖𝑗𝐼𝑖𝑗 = [𝑎𝑖𝑗]𝑘×𝑘
[1]𝑘×𝑘 = [𝑎𝑖𝑗]𝑘×𝑘

= 𝐴𝑖𝑗

∴ 𝐴𝑖𝑗0𝑖𝑗 = [𝑎𝑖𝑗]𝑘×𝑘
[0]𝑘×𝑘 = [0]𝑘×𝑘 = 0𝑖𝑗

𝐴𝐼 = [
𝐴11 ⋯ 𝐴1𝑏

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

] = 𝐴 

𝐼 = [

𝐼11 012 ⋯ 01𝑏

⋮ ⋮ ⋱ ⋮
0𝑏1 ⋯ 0𝑏(𝑏−1) 𝐼𝑏𝑏

] 

The last block matrices called Identity block matrix (I.B.). 

Theorem (1-1-2) 

The second method we use the secondary diagonal for the 

block sup-matrices which (A1b, A2(b-1), …, Ab1) write the 

identity matrix for these sup-matrices and the rest of the sub-

matrices in the same row are zero matrices as follows: 

𝐴 = [
𝐴11 ⋯ 𝐴1𝑏

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

] 

It will be like this 

[

011 … 01(𝑏−1) 𝐼1𝑏

⋮ ⋮ ⋱ ⋮
𝐼𝑏1 0𝑏2 ⋯ 0𝑏𝑏

] 

Proof 

In this method get the identity block matrix by using the 

permutation method of matrices to finding the identity block 

matrices: 

𝐼 = [

𝐼𝑏1 0𝑏2 ⋯ 0𝑏𝑏

⋮ ⋮ ⋱ ⋮
011 ⋯ 01(𝑏−1) 𝐼1𝑏

] 

𝐴𝐼 = [
𝐴11 ⋯ 𝐴1𝑏

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

]

𝑏×𝑏

[

𝐼𝑏1 0𝑏2 ⋯ 0𝑏𝑏

⋮ ⋮ ⋱ ⋮
011 ⋯ 01(𝑏−1) 𝐼1𝑏

]

𝑏×𝑏

= [

𝐴11𝐼𝑏1 + 𝐴120(𝑏−1)1 + ⋯+ 𝐴1𝑏011 ⋯ 𝐴110𝑏𝑏 + ⋯+ 𝐴1(𝑏−1)02𝑏 + 𝐴1𝑏𝐼1𝑏

⋮ ⋱ ⋮
𝐴𝑏1𝐼𝑏1 + 𝐴𝑏20(𝑏−1)1 + ⋯ + 𝐴𝑏𝑏011 ⋯ 𝐴𝑏10𝑏𝑏 + ⋯+ 𝐴𝑏(𝑏−1)02𝑏 + 𝐴𝑏𝑏𝐼1𝑏

] 

∴ 𝐴𝑖𝑗𝐼𝑖𝑗 = [𝑎𝑖𝑗]𝑘×𝑘
[1]𝑘×𝑘 = [𝑎𝑖𝑗]𝑘×𝑘

= 𝐴𝑖𝑗

∴ 𝐴𝑖𝑗0𝑖𝑗 = [𝑎𝑖𝑗]𝑘×𝑘
[0]𝑘×𝑘 = [0]𝑘×𝑘 = 0𝑖𝑗

𝐴𝐼 = [
𝐴11 ⋯ 𝐴1𝑏

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

] = 𝐴 

𝐼 = [

𝐼𝑏1 0𝑏2 ⋯ 0𝑏𝑏

⋮ ⋮ ⋱ ⋮
011 ⋯ 01(𝑏−1) 𝐼1𝑏

] 

The last block matrix called Identity block matrix (I.B.). 

1.2 Method of non-equal division 

If the matrix is square and the division sup-matrices is not 

equal, that is mean, all the sup-matrices with different rows 

and columns from the other, 

𝐴 = [

𝑎11 𝑎12 ⋯ 𝑎1𝑛

𝑎21 𝑎22 … 𝑎2𝑛

⋮ ⋮ ⋱ ⋮
𝑎𝑛1 𝑎𝑛2 ⋯ 𝑎𝑛𝑛

]

𝑛×𝑛
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To find the matrix of blocks for the basic matrix, we use the 

following methods: 

Theorem (1-2-1) 

Divided the main matrix in to sup-matrices so that the sup-

matrices that make up the main diagonal are square matrices 

like in the follows: 

𝑨 =

[

𝒂𝟏𝟏 … 𝒂𝟏(𝒌𝟏) 𝒂𝟏(𝒌𝟏+𝟏) ⋯ 𝒂𝟏(𝒌𝟐) ⋯ 𝒂𝟏(𝒌𝒑+𝟏) ⋯ 𝒂𝟏(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝟏)𝟏 ⋯ 𝒂(𝒌𝟏)(𝒌𝟏) 𝒂(𝒌𝟏)(𝒌𝟏+𝟏) ⋯ 𝒂(𝒌𝟏)(𝒌𝟐) ⋯ 𝒂(𝒌𝟏)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝟏)(𝒌𝒓=𝒏)

𝒂(𝒌𝟏+𝟏) ⋯ 𝒂(𝒌𝟏+𝟏)(𝒌𝟏) 𝒂(𝒌𝟏+𝟏)(𝒌+𝟏) ⋯ 𝒂(𝒌𝟏+𝟏)(𝒌𝟐) ⋯ 𝒂(𝒌𝟏+𝟏)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝟏+𝟏)(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝟐)𝟏 ⋯ 𝒂(𝒌𝟐)(𝒌𝟏) 𝒂(𝒌𝟐)(𝒌+𝟏) ⋯ 𝒂(𝒌𝟐)(𝒌𝟐) ⋯ 𝒂(𝒌𝟐)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝟐)(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝒑+𝟏)𝟏 ⋯ 𝒂(𝒌𝒑+𝟏)(𝒌𝟏)
𝒂(𝒌𝒑+𝟏)(𝒌+𝟏) ⋯ 𝒂(𝒌𝒑+𝟏)(𝒌𝟐) ⋯ 𝒂(𝒌𝒑+𝟏)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝒑+𝟏)(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝒓=𝒏)𝟏 ⋯ 𝒂(𝒌𝒓=𝒏)(𝒌𝟏) 𝒂(𝒌𝒓=𝒏)(𝒌+𝟏) ⋯ 𝒂(𝒌𝒓=𝒏)(𝒌𝟐) ⋯ 𝒂(𝒌𝒓=𝒏)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝒓=𝒏)(𝒌𝒓=𝒏)]

= [

𝐴11 𝐴12 ⋯ 𝐴1𝑏

𝐴12 𝐴22 ⋯ 𝐴2𝑏

⋮ ⋮ ⋱ ⋮
𝐴𝑏1 𝐴𝑏2 ⋯ 𝐴𝑏𝑏

] 

where, b=kr. 

In this case, the matrices representing the diagonal will be 

about square sup-matrices: 

𝐴11 = [

𝑎11 ⋯ 𝑎1(𝑘1)

⋮ ⋱ ⋮
𝑎(𝑘1)1 ⋯ 𝑎(𝑘1)(𝑘1)

]

𝒌𝟏×𝒌𝟏

⋯ 

𝐴𝑏𝑏 = [

𝒂(𝑘𝑝+𝟏)(𝑘𝑝+𝟏) ⋯ 𝒂(𝑘𝑝+𝟏)(𝒌𝒓=𝒏)

⋮ ⋱ ⋮
𝒂(𝒌𝒓=𝒏)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝒓=𝒏)(𝒌𝒓=𝒏)

]

𝒌𝒓×𝒌𝒓

, ∀(𝑖 = 𝑗) 

and the rest of the sup-matrices will be non-square: 

𝐴12 = [

𝒂𝟏(𝒌𝟏+𝟏) ⋯ 𝒂𝟏(𝒌𝟐)

⋮ ⋱ ⋮
𝒂(𝒌𝟏)(𝒌𝟏+𝟏) ⋯ 𝒂(𝒌𝟏)(𝒌𝟐)

]

𝑘1×𝑘2

, ⋯ , ∀(𝑖 ≠ 𝑗) 

Proof 

To find the identity block matrices we have methods. 

Since the matrices which are the main diagonal of the block 

matrix and which (A11, A22, …, Abb) are squares, write each row 

and column contains only one sup array with the value I and 

the rest of the sup-matrices in that row or column are zeros 

sup-matrices the identity matrix of these sup-matrices as 

follows: 

𝐴 [
𝐴11 ⋯ 𝐴1𝑏

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

] 

It will be like this 

𝐼 = [

𝐼11 012 ⋯ 01𝑏

⋮ ⋮ ⋱ ⋮
0𝑏1 ⋯ 0𝑏(𝑏−1) 𝐼𝑏𝑏

] 

Since all sub-matrix of (ki×ki) matrices then the identity 

matrix which in each row and column contains only one 

element with a value of 1 and the rest of the elements in that 

row or column are zeros will be in form: 

𝐼𝑖𝑗 = [
1 0 ⋯
⋮ ⋱ ⋮
0 ⋯ 1

]

𝐾𝑖×𝐾𝑖

, 𝑖 = 1,2,⋯ , 𝑝, 𝑟 

𝐴𝐼 = [
𝐴11 ⋯ 𝐴1𝑏

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

]

𝑏×𝑏

[

𝐼11 012 ⋯ 01𝑏

⋮ ⋮ ⋱ ⋮
0𝑏1 ⋯ 0𝑏(𝑏−1) 𝐼𝑏𝑏

]

𝑏×𝑏

= [

𝐴11𝐼11 + 𝐴12021 + ⋯+ 𝐴1𝑏0𝑏1 ⋯ 𝐴1101𝑏 + ⋯+ 𝐴1(𝑏−1)0𝑏(𝑏−1) + 𝐴1𝑏𝐼𝑏𝑏

⋮ ⋱ ⋮
𝐴𝑏1𝐼11 + 𝐴𝑏2021 + ⋯ + 𝐴𝑏𝑏0𝑏1 ⋯ 𝐴𝑏101𝑏 + ⋯+ 𝐴𝑏(𝑏−1)0𝑏(𝑏−1) + 𝐴𝑏𝑏𝐼𝑏𝑏

] 

∴ 𝐴𝑖𝑗𝐼𝑖𝑗 = [𝑎𝑖𝑗]𝑘𝑖×𝑘𝑖
[1]𝑘𝑖×𝑘𝑖

= [𝑎𝑖𝑗]𝑘𝑖×𝑘𝑖

= 𝐴𝑖𝑗 , (𝑖, 𝑗) = 1,2,⋯ , 𝑝, 𝑟 

∴ 𝐴𝑖𝑗𝐼𝑖𝑗 = [𝑎𝑖𝑗]𝑘𝑖×𝑘𝑗
[1]𝑘𝑗×𝑘𝑗

= [𝑎𝑖𝑗]𝑘𝑖×𝑘𝑗

= 𝐴𝑖𝑗 , (𝑖, 𝑗) = 1,2,⋯ , 𝑝, 𝑟 

∴ 𝐴𝑖𝑗0𝑖𝑗 = [𝑎𝑖𝑗]𝑘𝑖×𝑘𝑗
[0]𝑘𝑗×𝑘𝑡

= [0]𝑘𝑖×𝑘𝑡

= 0𝑖𝑡, (𝑖, 𝑗, 𝑡) = 1,2,⋯ , 𝑝, 𝑟 

𝐴𝐼 = [
𝐴11 ⋯ 𝐴1𝑏

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

] = 𝐴 

𝐼 = [

𝐼11 012 ⋯ 01𝑏

⋮ ⋮ ⋱ ⋮
0𝑏1 ⋯ 0𝑏(𝑏−1) 𝐼𝑏𝑏

] 

The last block matrices called Identity block matrix (I.B.). 

Theorem (1-2-2) 

Divided the secondary matrix in to sup-matrices so that the 

sup-matrices that make up the secondary diagonal are square 

matrices like in the follows: 
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𝑨 =

[

𝒂𝟏𝟏 … 𝒂𝟏(𝒌𝟏) 𝒂𝟏(𝒌𝟏+𝟏) ⋯ 𝒂𝟏(𝒌𝟐) ⋯ 𝒂𝟏(𝒌𝒑+𝟏) ⋯ 𝒂𝟏(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝒓)𝟏 ⋯ 𝒂(𝒌𝒓)(𝒌𝟏) 𝒂(𝒌𝒓)(𝒌𝟏+𝟏) ⋯ 𝒂(𝒌𝒓)(𝒌𝟐) ⋯ 𝒂(𝒌𝒓)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝒓)(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝟑+𝟏) ⋯ 𝒂(𝒌𝟑+𝟏)(𝒌𝟏) 𝒂(𝒌𝟑+𝟏)(𝒌+𝟏) ⋯ 𝒂(𝒌𝟑+𝟏)(𝒌𝟐) ⋯ 𝒂(𝒌𝟑+𝟏)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝟑+𝟏)(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝟐)𝟏 ⋯ 𝒂(𝒌𝟐)(𝒌𝟏) 𝒂(𝒌𝟐)(𝒌+𝟏) ⋯ 𝒂(𝒌𝟐)(𝒌𝟐) ⋯ 𝒂(𝒌𝟐)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝟐)(𝒌𝒓=𝒏)

𝒂(𝒌𝟐+𝟏)𝟏 ⋯ 𝒂(𝒌𝟐+𝟏)(𝒌𝟏) 𝒂(𝒌𝟐+𝟏)(𝒌+𝟏) ⋯ 𝒂(𝒌𝟐+𝟏)(𝒌𝟐) ⋯ 𝒂(𝒌𝟐+𝟏)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝟐+𝟏)(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝟏=𝒎)𝟏 ⋯ 𝒂(𝒌𝟏=𝒏)(𝒌𝟏) 𝒂(𝒌𝟏=𝒏)(𝒌+𝟏) ⋯ 𝒂(𝒌𝟏=𝒏)(𝒌𝟐) ⋯ 𝒂(𝒌𝟏=𝒏)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝟏=𝒏)(𝒌𝒓=𝒏)]

= [

𝐴11 𝐴12 ⋯ 𝐴1𝑏

𝐴12 𝐴22 ⋯ 𝐴2𝑏

⋮ ⋮ ⋱ ⋮
𝐴𝑏1 𝐴𝑏2 ⋯ 𝐴𝑏𝑏

] 

In this case, the sup matrices representing the secondary 

diameter of the block matrix will be square matrices of degree 

(ki×ki). 

𝐴1𝑏 = [

𝒂𝟏(𝒌𝒑+𝟏) ⋯ 𝒂𝟏(𝒌𝒓=𝒏)

⋮ ⋱ ⋮
𝒂(𝒌𝒓)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝒓)(𝒌𝒓=𝒏)

]

𝒌𝒓×𝒌𝒓

⋯ 

𝐴𝑏1 = [

𝒂(𝒌𝟐+𝟏)𝟏 ⋯ 𝒂(𝒌𝟐+𝟏)(𝒌𝟏)

⋮ ⋱ ⋮
𝒂(𝒌𝟏=𝒎)𝟏 ⋯ 𝒂(𝒌𝟏=𝒎)(𝒌𝟏)

]

𝒌𝟏×𝒌𝟏

and the rest of the sup-matrices will be non-square: 

𝐴12 = [

𝒂𝟏(𝒌𝟏+𝟏) ⋯ 𝒂𝟏(𝒌𝟐)

⋮ ⋱ ⋮
𝒂(𝒌𝟏)(𝒌𝟏+𝟏) ⋯ 𝒂(𝒌𝟏)(𝒌𝟐)

]

𝑘1×𝑘2

Proof 

To find the identity block matrices we have methods. 

Since the matrices which are the secondary diagonal of the 

block matrix and which (A1b, A2(b-1), …, Ab1) are squares, write 

each row and column contains only one sup array with the 

value I and the rest of the sup-matrices in that row or column 

are zeros sub-matrices the identity matrix of these sup-

matrices as follows:  

𝐴 = [
𝐴11 ⋯ 𝐴1𝑏

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

] 

It will be like this: 

[

011 … 01(𝑏−1) 𝐼1𝑏

⋮ ⋮ ⋱ ⋮
𝐼𝑏1 0𝑏2 ⋯ 0𝑏𝑏

] 

In this method get the identity block matrix by using the 

permutation method of matrices to finding the identity block 

matrices: 

𝐼 = [

𝐼𝑛1 0𝑛𝑏 ⋯ 0𝑏𝑏

⋮ ⋮ ⋱ ⋮
011 ⋯ 01(𝑏−1) 𝐼1𝑏

] 

𝐴𝐼 = [
𝐴11 ⋯ 𝐴1𝑛

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

]

𝑏×𝑏

[

𝐼𝑏1 0𝑏2 ⋯ 0𝑏𝑏

⋮ ⋮ ⋱ ⋮
011 ⋯ 01(𝑏−1) 𝐼1𝑏

]

𝑏×𝑏

= [

𝐴11𝐼𝑏1 + 𝐴120(𝑏−1)1 + ⋯+ 𝐴1𝑏011 ⋯ 𝐴110𝑏𝑏 + ⋯+ 𝐴1(𝑏−1)02𝑏 + 𝐴1𝑏𝐼1𝑏

⋮ ⋱ ⋮
𝐴𝑏1𝐼𝑏1 + 𝐴𝑏20(𝑏−1)1 + ⋯ + 𝐴𝑏𝑏011 ⋯ 𝐴𝑏10𝑏𝑏 + ⋯+ 𝐴𝑏(𝑏−1)02𝑏 + 𝐴𝑏𝑏𝐼1𝑏

] 

∴ 𝐴𝑖𝑗𝐼𝑖𝑗 = [𝑎𝑖𝑗]𝑘𝑖×𝑘𝑖
[1]𝑘𝑖×𝑘𝑖

= [𝑎𝑖𝑗]𝑘𝑖×𝑘𝑖

= 𝐴𝑖𝑗 , (𝑖, 𝑗) = 1,2,⋯ , 𝑝, 𝑟

∴ 𝐴𝑖𝑗𝐼𝑖𝑗 = [𝑎𝑖𝑗]𝑘𝑖×𝑘𝑗
[1]𝑘𝑗×𝑘𝑗

= [𝑎𝑖𝑗]𝑘𝑖×𝑘𝑗

= 𝐴𝑖𝑗 , (𝑖, 𝑗) = 1,2,⋯ , 𝑝, 𝑟

∴ 𝐴𝑖𝑗0𝑖𝑗 = [𝑎𝑖𝑗]𝑘𝑖×𝑘𝑗
[0]𝑘𝑗×𝑘𝑡

= [0]𝑘𝑖×𝑘𝑡

= 0𝑖𝑡 , (𝑖, 𝑗, 𝑡) = 1,2,⋯ , 𝑝, 𝑟

𝐴𝐼 = [
𝐴11 ⋯ 𝐴1𝑏

⋮ ⋱ ⋮
𝐴𝑏1 ⋯ 𝐴𝑏𝑏

] = 𝐴 

𝐼 = [

𝐼𝑏1 0𝑏2 ⋯ 0𝑛𝑛

⋮ ⋮ ⋱ ⋮
011 ⋯ 01(𝑛−1) 𝐼1𝑛

] 

The last block matrix called Identity block matrix (I.B.). 

Remark (1-2-1) 

Avoid some divisions in which all sup matrices are not 

square for which the Identity block matrix (I.B.) cannot be 

found. As in the following example: 

1606



𝐴 = [

𝑎11 𝑎12 𝑎13 𝑎14

𝑎21 𝑎22 𝑎23 𝑎24

𝑎31 𝑎32 𝑎33 𝑎34

𝑎41 𝑎42 𝑎43 𝑎44

]

4×4

= [
𝐴11 𝐴12

𝐴21 𝐴22
] 

where, 

𝐴11 = [𝑎11 𝑎12], 𝐴12 = [𝑎13 𝑎14],

𝐴21 = [

𝑎21 𝑎22

𝑎31 𝑎32

𝑎41 𝑎42

] , 𝐴22 = [

𝑎23 𝑎24

𝑎33 𝑎34

𝑎43 𝑎44

] 

We also note that there are no square matrices, so we cannot 

be found Identity block matrix (I.B.). 

NON-SQUARE MATRICES 

A matrix whose number of rows is not equal to the number 

of columns (m≠n). 

𝐴 = [

𝑎11 𝑎12 ⋯ 𝑎1𝑛

𝑎21 𝑎22 … 𝑎2𝑛

⋮ ⋮ ⋱ ⋮
𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎𝑚𝑛

]

𝑚×𝑛

To find the matrix of blocks for the base matrix, we use the 

following method:  

𝐴 =

[

𝒂𝟏𝟏 … 𝒂𝟏(𝒌𝟏) 𝒂𝟏(𝒌𝟏+𝟏) ⋯ 𝒂𝟏(𝒌𝟐) ⋯ 𝒂𝟏(𝒌𝒑+𝟏) ⋯ 𝒂𝟏(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝟏)𝟏 ⋯ 𝒂(𝒌𝟏)(𝒌𝟏) 𝒂(𝒌𝟏)(𝒌𝟏+𝟏) ⋯ 𝒂(𝒌𝟏)(𝒌𝟐) ⋯ 𝒂(𝒌𝟏)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝟏)(𝒌𝒓=𝒏)

𝒂(𝒌𝟏+𝟏) ⋯ 𝒂(𝒌𝟏+𝟏)(𝒌𝟏) 𝒂(𝒌𝟏+𝟏)(𝒌+𝟏) ⋯ 𝒂(𝒌𝟏+𝟏)(𝒌𝟐) ⋯ 𝒂(𝒌𝟏+𝟏)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝟏+𝟏)(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝟐)𝟏 ⋯ 𝒂(𝒌𝟐)(𝒌𝟏) 𝒂(𝒌𝟐)(𝒌+𝟏) ⋯ 𝒂(𝒌𝟐)(𝒌𝟐) ⋯ 𝒂(𝒌𝟐)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝟐)(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝒑+𝟏)𝟏 ⋯ 𝒂(𝒌𝒑+𝟏)(𝒌𝟏) 𝒂(𝒌𝒑+𝟏)(𝒌+𝟏) ⋯ 𝒂(𝒌𝒑+𝟏)(𝒌𝟐)
⋯ 𝒂(𝒌𝒑+𝟏)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝒑+𝟏)(𝒌𝒓=𝒏)

⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋱ ⋮ ⋱ ⋮

𝒂(𝒌𝒓=𝒎)𝟏 ⋯ 𝒂(𝒌𝒓=𝒎)(𝒌𝟏) 𝒂(𝒌𝒓=𝒎)(𝒌+𝟏) ⋯ 𝒂(𝒌𝒓=𝒎)(𝒌𝟐) ⋯ 𝒂(𝒌𝒓=𝒎)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝒓=𝒎)(𝒌𝒓=𝒏)]

= [

𝐴11 𝐴12 ⋯ 𝐴1𝑏

𝐴12 𝐴22 ⋯ 𝐴2𝑏

⋮ ⋮ ⋱ ⋮
𝐴𝑏1 𝐴𝑏2 ⋯ 𝐴𝑏𝑏

] 

In this case, the mass matrix identity cannot be found 

because there are non-square partial matrices of the major or 

minor diagonals for which the Identity matrix is unknown. 

And as in the following: 

In this case, the matrices representing the diagonal will be 

about square sup-matrices: 

𝐴11 = [

𝑎11 ⋯ 𝑎1(𝑘1)

⋮ ⋱ ⋮
𝑎(𝑘1)1 ⋯ 𝑎(𝑘1)(𝑘1)

]

𝒌𝟏×𝒌𝟏

⋯ 

𝐴𝑏𝑏 = [

𝒂(𝑘𝑝+𝟏)(𝑘𝑝+𝟏) ⋯ 𝒂(𝑘𝑝+𝟏)(𝒌𝒓=𝒏)

⋮ ⋱ ⋮
𝒂(𝒌𝒓=𝒎)(𝒌𝒑+𝟏) ⋯ 𝒂(𝒌𝒓=𝒎)(𝒌𝒓=𝒏)

] , ∀(𝑖 = 𝑗) 

We note that the matrix Acc is a non-square matrix because 

the number of its rows is not equal to the number of its 

columns, so the identity matrix for it is not known. Therefore, 

the identity block matrices cannot be found. 

2. PERMUTATION BLOCK MATRICES

Definition (2-1) 

The permutation block matrices is a regular matrix, which 

in each row and column contains only one block matrix with 

the value I and the rest of the sup matrices in that row or 

column are zero matrices The number of permutations is equal 

to the factorial of the length of the block matrix (n!). 

Permutational matrix P permutation of matrix A permutational 

matrices Applications in linear algebra, combinations and 

cryptography. 

It is divided into two parts. 

2.1 Row permutation block matrices 

In this method use the permutation of rows number of 

permutation equal half to the factorial of the length of the 

block matrix (
𝑛!

2
) in the block matrices. 

𝐴 = [

𝐴11 𝐴12 ⋯ 𝐴1𝑛

𝐴12 𝐴22 ⋯ 𝐴2𝑛

⋮ ⋮ ⋱ ⋮
𝐴𝑛1 𝐴𝑛2 ⋯ 𝐴𝑛𝑛

] 

𝐼 = [

𝐼11 012 ⋯ 01𝑛

021 𝐼22 023 ⋯ 02𝑛

⋮ ⋮ ⋱ ⋮
0𝑛1 ⋯ 0𝑛(𝑛−1) 𝐼𝑛𝑛

] 

𝐴𝐼 = [

𝐼11 012 ⋯ 01𝑛

021 𝐼22 023 ⋯
⋮ ⋮ ⋱ ⋮

0𝑛1 ⋯ 0𝑛(𝑛−1) 𝐼𝑛𝑛

] 

𝑃1𝐴 = [

𝐴11 𝐴12 ⋯ 𝐴1𝑛

𝐴12 𝐴22 ⋯ 𝐴2𝑛

⋮ ⋮ ⋱ ⋮
𝐴𝑛1 𝐴𝑛2 ⋯ 𝐴𝑛𝑛

] 

𝑃1 = [

021 𝐼22 023 ⋯ 02𝑛

𝐼11 012 ⋯ 01𝑛

⋮ ⋮ ⋱ ⋮
0𝑛1 ⋯ 0𝑛(𝑛−1) 𝐼𝑛𝑛

] 

𝑃2𝐴 = [

𝐴12 𝐴22 ⋯ 𝐴2𝑛

𝐴11 𝐴12 ⋯ 𝐴1𝑛

⋮ ⋮ ⋱ ⋮
𝐴𝑛1 𝐴𝑛2 ⋯ 𝐴𝑛𝑛

] 
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⋮ 

𝑃𝐾 =

[

𝐼11 012 ⋯ ⋯ ⋯ 01𝑛

021 𝐼22 023 ⋯ ⋯ 02𝑛

⋮ ⋮ ⋮ ⋮ ⋱ ⋮
0𝑘1 ⋯ 0𝑘(𝑘−1) 𝐼𝑘𝑘 0𝑘(𝑘+1) ⋯0𝑘𝑛

0(𝑘+1)1 ⋯ ⋯ 0(𝑘+1)𝑘 𝐼(𝑘+1)(𝑘+1) ⋯0(𝑘+1)𝑛

⋮ ⋮ ⋮ ⋮ ⋱ ⋮
0𝑛1 ⋯ ⋯ ⋯ 0𝑛(𝑛−1) 𝐼𝑛𝑛 ]

𝑃𝑘𝐴

=

[

𝐴11 𝐴12 ⋯ ⋯ ⋯ ⋯ 𝐴1𝑛

𝐴12 𝐴22 ⋯ ⋯ ⋯ ⋯ 𝐴2𝑛

⋮ ⋮ ⋱ ⋮ ⋮ ⋱ ⋮
𝐴(𝑘+1)1 𝐴(𝑘+1)2 ⋯ 𝐴(𝑘+1)𝑘 𝐴(𝑘+1)(𝑘+1) ⋯ 𝐴(𝑘+1)𝑛

𝐴(𝑘)1 𝐴(𝑘)2 ⋯ 𝐴(𝑘)(𝑘) 𝐴(𝑘)(𝑘+1) ⋯ 𝐴(𝑘)𝑛

⋮ ⋮ ⋱ ⋮ ⋮ ⋱ ⋮
𝐴𝑛1 𝐴𝑛2 ⋯ ⋯ ⋯ ⋯ 𝐴𝑛𝑛 ]

⋮ 

𝑃𝑛!
2

= [

0𝑛1 ⋯ 0𝑛(𝑛−1) 𝐼𝑛𝑛

021 𝐼22 023 ⋯
⋮ ⋮ ⋱ ⋮

𝐼11 012 ⋯ 01𝑛

] 

𝑃𝑛!
2

𝐴 = [

𝐴𝑛1 𝐴𝑛2 ⋯ 𝐴𝑛𝑛

𝐴12 𝐴22 ⋯ 𝐴2𝑛

⋮ ⋮ ⋱ ⋮
𝐴11 𝐴12 ⋯ 𝐴1𝑛

] 

2.2 Column permutations block matrices 

In this method we use the column permutation of column 

block matrices the number permutation equal half to the 

factorial of the length of the block matrix (
𝑛!

2
)  of block 

matrices. 

𝐴 = [

𝐴11 𝐴12 ⋯ 𝐴1𝑛

𝐴12 𝐴22 ⋯ 𝐴2𝑛

⋮ ⋮ ⋱ ⋮
𝐴𝑛1 𝐴𝑛2 ⋯ 𝐴𝑛𝑛

] 

𝐼 = [

𝐼11 012 ⋯ 01𝑛

021 𝐼22 023 ⋯ 02𝑛

⋮ ⋮ ⋱ ⋮
0𝑛1 ⋯ 0𝑛(𝑛−1) 𝐼𝑛𝑛

] 

⋮ 

𝐴𝐼 = [

𝐼11 012 ⋯ 01𝑛

021 𝐼22 023 ⋯02𝑛

⋮ ⋮ ⋱ ⋮
0𝑛1 ⋯ 0𝑛(𝑛−1) 𝐼𝑛𝑛

] 

𝐴𝑃1 = [

𝐴11 𝐴12 ⋯ 𝐴1𝑛

𝐴12 𝐴22 ⋯ 𝐴2𝑛

⋮ ⋮ ⋱ ⋮
𝐴𝑛1 𝐴𝑛2 ⋯ 𝐴𝑛𝑛

] 

𝑃1 = [

012 𝐼11 ⋯ 01𝑛

𝐼22 021 023 ⋯02𝑛

⋮ ⋮ ⋱ ⋮
⋯ 0𝑛1 0𝑛(𝑛−1) 𝐼𝑛𝑛

] 

𝐴𝑃2 = [

𝐴12 𝐴11 ⋯ 𝐴1𝑛

𝐴22 𝐴12 ⋯ 𝐴2𝑛

⋮ ⋮ ⋱ ⋮
𝐴𝑛2 𝐴𝑛1 ⋯ 𝐴𝑛𝑛

] 

⋮ 

𝑃𝑘 =

[

𝐼11 012 ⋯ ⋯ ⋯ ⋯ ⋯ 01𝑛

021 𝐼22 023 ⋯ ⋯ ⋯ ⋯ ⋯02𝑛

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋱ ⋮
0(𝑘)1 0(𝑘)2 ⋯ 0(𝑘)(𝑘−1) 0(𝑘)(𝑘+1) 𝐼(𝑘)(𝑘) ⋯ 0(𝑘)𝑛

0(𝑘+1)2 0(𝑘+1)2 ⋯ 0(𝑘+1)(𝑘−1) 𝐼(𝑘+1)(𝑘+1) 0(𝑘+1)(𝑘) ⋯ 0(𝑘+1)𝑛

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋱ ⋮
0𝑛1 ⋯ ⋯ ⋯ ⋯ ⋯ 0𝑛(𝑛−1) 𝐼𝑛𝑛 ]

𝐴𝑃k = [

𝐴11 𝐴12 ⋯ 𝐴1(𝑘+1) 𝐴1(𝑘) ⋯ 𝐴1𝑛

𝐴12 𝐴22 ⋯ 𝐴2(𝑘+1) 𝐴2(𝑘) ⋯ 𝐴2𝑛

⋮ ⋮ ⋮ ⋮ ⋮ ⋱ ⋮
𝐴𝑛1 𝐴𝑛2 ⋯ ⋯ ⋯ ⋯ 𝐴𝑛𝑛

] 

𝑃𝑛!
2

= [

01𝑛 012 ⋯ 𝐼11

02𝑛 𝐼22 023 021

⋮ ⋮ ⋱ ⋮
𝐼𝑛𝑛 ⋯ 0𝑛(𝑛−1) 0𝑛1

] 

𝑃𝑛!
2
𝐴 = [

𝐴1𝑛 𝐴12 ⋯ 𝐴11

𝐴2𝑛 𝐴22 ⋯ 𝐴12

⋮ ⋮ ⋱ ⋮
𝐴𝑛𝑛 𝐴𝑛2 ⋯ 𝐴𝑛1

] 

3. EXAMPLES FOR EXPLAIN THE MAIN RESULT

Example (3-1): Find Identity block matrix (I.B.) of the 

following: 

𝐴 = [

2 4 6 8
21 5 8 9
9 10 3 4
12 5 2 16

] 

Solution 

By using Theorem (1-1-1) we find the main diagonal of 

block matrix 

𝐴 = [

2 4 6 8
21 5 8 9
9 10 3 4
12 5 2 16

] = [
[
2 4
21 5

] [
6 8
8 9

]

[
9 10
12 5

] [
3 4
2 16

]
]

= [
𝐴11 𝐴12

𝐴21 𝐴22
] 

where, 

𝐴11 = [
2 4
21 5

] , 𝐴12 = [
6 8
8 9

] 

𝐴21 = [
9 10
12 5

] , 𝐴22 = [
3 4
2 16

] 

𝐼 = [
𝐼11 012

021 𝐼22
] 

𝐴𝐼 = [
𝐴11 𝐴12

𝐴21 𝐴22
] [

𝐼11 012

021 𝐼22
]

= [
𝐴11𝐼11 + 𝐴12021 𝐴11012 + 𝐴12𝐼22

𝐴21𝐼11 + 𝐴22021 𝐴21012+𝐴22𝐼22
] 
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= [
[
2 4
21 5

] [
1 0
0 1

] + [
6 8
8 9

] [
0 0
0 0

] [
2 4
21 5

] [
0 0
0 0

] + [
6 8
8 9

] [
1 0
0 1

]

[
9 10
12 5

] [
1 0
0 1

] + [
3 4
2 16

] [
0 0
0 0

] [
9 10
12 5

] [
0 0
0 0

] + [
3 4
2 16

] [
1 0
0 1

]
] = [

[
2 4
21 5

] [
6 8
8 9

]

[
9 10
12 5

] [
3 4
2 16

]
] = [

𝐴11 𝐴12

𝐴21 𝐴22
] = 𝐴 

∴ 𝐼 = [
𝐼11 012

021 𝐼22
] is identity block matrix (I.B.). 

Example (3-2): Find Identity block matrix (I.B.) of the 

following: 

𝐴 = [

2 4 6 8
21 5 8 9
9 10 3 4
12 5 2 16

] 

Solution 

By using Theorem (1-1-2) we find the secondary diagonal 

of block matrix: 

𝐴 = [

2 4 6 8
21 5 8 9
9 10 3 4
12 5 2 16

] = [
[
2 4
21 5

] [
6 8
8 9

]

[
9 10
12 5

] [
3 4
2 16

]
]

= [
𝐴11 𝐴12

𝐴21 𝐴22
] 

where, 

𝐴11 = [
2 4
21 5

] , 𝐴12 = [
6 8
8 9

] 

𝐴21 = [
9 10
12 5

] , 𝐴22 = [
3 4
2 16

] 

[
011 𝐼12

𝐼21 022
] and in order 𝐼 = [

𝐼21 022

011 𝐼12
] 

𝐴𝐼 = [
𝐴11 𝐴12

𝐴21 𝐴22
] [

𝐼21 022

011 𝐼12
] = [

𝐴11𝐼21 + 𝐴12011 𝐴11022 + 𝐴12𝐼12

𝐴21𝐼21 + 𝐴22011 𝐴21022+𝐴22𝐼12
] 

= [
[
2 4
21 5

] [
1 0
0 1

] + [
6 8
8 9

] [
0 0
0 0

] [
2 4
21 5

] [
0 0
0 0

] + [
6 8
8 9

] [
1 0
0 1

]

[
9 10
12 5

] [
1 0
0 1

] + [
3 4
2 16

] [
0 0
0 0

] [
9 10
12 5

] [
0 0
0 0

] + [
3 4
2 16

] [
1 0
0 1

]
] = [

[
2 4
21 5

] [
6 8
8 9

]

[
9 10
12 5

] [
3 4
2 16

]
] = [

𝐴11 𝐴12

𝐴21 𝐴22
] = 𝐴 

∴ 𝐼 = [
𝐼21 022

011 𝐼12
] is identity block matrix (I.B.). 

Example (3-3): Find Identity block matrix (I.B.) of the 

following: 

𝐴 = [

2 4 6 8
21 5 8 9
9 10 3 4
12 5 2 16

] 

Solution 

By using Theorem (1-2-1) we find the sup-matrices that 

make up the main diagonal are square matrices:  

𝐴 = [

2 4 6 8
21 5 8 9
9 10 3 4
12 5 2 16

] 

= [

[2] [4 6 8]

[
21
9
12

] [
5 8 9
10 3 4
5 2 16

]
] = [

𝐴11 𝐴12

𝐴21 𝐴22
] 

where, 

𝐴11 = [2], 𝐴12 = [4 6 8]

𝐴21 = [
21
9
12

] , 𝐴22 = [
5 8 9
10 3 4
5 2 16

] 

𝐼 = [
𝐼11 012

021 𝐼22
] 

𝐴𝐼 = [
𝐴11 𝐴12

𝐴21 𝐴22
] [

𝐼11 012

021 𝐼22
] = [

𝐴11𝐼11 + 𝐴12021 𝐴11012 + 𝐴12𝐼22

𝐴21𝐼11 + 𝐴22021 𝐴21012+𝐴22𝐼22
]

=

[

[2][1] + [4 6 8] [
0
0
0
] [2][0 0 0] + [4 6 8] [

1 0 0
0 1 0
0 0 1

]

[
21
9
12

] [1] + [
5 8 9
10 3 4
5 2 16

] [
0
0
0
] [

21
9
12

] [0 0 0] + [
5 8 9
10 3 4
5 2 16

] [
1 0 0
0 1 0
0 0 1

]
]

= [

[2] [4 6 8]

[
21
9
12

] [
5 8 9
10 3 4
5 2 16

]
] = [

𝐴11 𝐴12

𝐴21 𝐴22
] = 𝐴 

∴ 𝐼 = [
𝐼11 012

021 𝐼22
] is identity block matrix (I.B.). 

Example (3-4): Find Identity block matrix (I.B.) of the 

following: 

𝐴 = [

2 4 6 8
21 5 8 9
9 10 3 4
12 5 2 16

] 

Solution 

By using Theorem (1-2-2) we find the sup-matrices that 

make up the secondary diagonal are square matrices:  

𝐴 = [

2 4 6 8
21 5 8 9
9 10 3 4
12 5 2 16

] = [
𝐴11 𝐴12

𝐴21 𝐴22
] 
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where, 

𝐴11 = [2 4 6], 𝐴12 = [8]

𝐴21 = [
21 5 8
9 10 3
12 5 2

] , 𝐴22 = [
9
4
16

] 

[
011 𝐼12

𝐼21 022
] and in order 𝐼 = [

𝐼21 022

011 𝐼12
] 

𝐴𝐼 = [
𝐴11 𝐴12

𝐴21 𝐴22
] [

𝐼21 022

011 𝐼12
] = [

𝐴11𝐼21 + 𝐴12011 𝐴11022 + 𝐴12𝐼12

𝐴21𝐼21 + 𝐴22011 𝐴21022+𝐴22𝐼12
]

=

[

[2 4 6] [
1 0 0
0 1 0
0 0 1

] + [8][0 0 0] [2 4 6] [
0
0
0
] + [8][1]

[
21 5 8
9 10 3
12 5 2

] [
1 0 0
0 1 0
0 0 1

] + [
9
4
16

] [0 0 0] [
21 5 8
9 10 3
12 5 2

] [
0
0
0
] + [

9
4
16

] [1]
]

= [

[2 4 6] [8]

[
21 5 8
9 10 3
12 5 2

] [
9
4
16

]
] = [

𝐴11 𝐴12

𝐴21 𝐴22
] = 𝐴 

∴ 𝐼 = [
𝐼21 022

011 𝐼12
] is identity block matrix (I.B.). 

Example (3-5): Find Identity block matrix (I.B.) of the 

following: 

𝐴 = [

1 2 3 4 5
6 7 8 9 10
11 12 13 14 15
16 17 18 19 20

] 

Solution 

𝐴 = [

1 2 3 4 5
6 7 8 9 10
11 12 13 14 15
16 17 18 19 20

] = [
𝐴11 𝐴12

𝐴21 𝐴22
] 

where, 

𝐴11 = [
1 2
6 7

] , 𝐴12 = [
3 4 5
8 9 10

] 

𝐴21 = [
11 12
16 17

] , 𝐴22 = [
13 14 15
18 19 20

] 

A12, A22 is non-square matrices since 3×2 so the identity 

matrix is unknown therefore has not Identity block matrix 

(I.B.). 

Example (3-6): Find permutations of rows and columns of 

a block matrix: 

𝐴 = [

1 2 3 4
5 6 7 8
9 10 11 12
13 14 15 16

] 

Solution 

𝐴 = [

1 2 3 4
5 6 7 8
9 10 11 12
13 14 15 16

] = [

𝐴11 𝐴12 𝐴13

𝐴21 𝐴22 𝐴23

𝐴31 𝐴32 𝐴33

] 

where, 

𝐴11 = [1], 𝐴12 = [2 3], 𝐴13 = [4],

𝐴21 = [
5
9
] , 𝐴22 = [

6 7
10 11

] , 𝐴23 [
8
12

], 

𝐴31[13], 𝐴32 = [14 15], 𝐴33 = [16]

𝐼 = [

𝐼11 012 013

021 𝐼22 023

031 032 𝐼33

] 

𝐴𝐼 = [

𝐴11 𝐴12 𝐴13

𝐴21 𝐴22 𝐴23

𝐴31 𝐴32 𝐴33

] [

𝐼11 012 013

021 𝐼22 023

031 032 𝐼33

]

= [

𝐴11𝐼11 + 𝐴12021 + 𝐴13031 𝐴11012 + 𝐴12𝐼22 + 𝐴31032 𝐴11013 + 𝐴12023 + 𝐴13𝐼33

𝐴21𝐼11 + 𝐴22021 + 𝐴23031 𝐴21012+𝐴22𝐼22 + 𝐴23032 𝐴21013 + 𝐴22023 + 𝐴23𝐼33

𝐴31𝐼11 + 𝐴32021 + 𝐴33031 𝐴31012 + 𝐴32𝐼22 + 𝐴33032 𝐴31031 + 𝐴32032 + 𝐴33𝐼33

]

=

[

[1][1] + [2 3] [
0
0
] + [4][0] [1][0 0] + [2 3] [

1 0
0 1

] + [4][0 0] [1][0] + [[2 3]] [
0
0
] + [4][1]

[
5
9
] [1] + [

6 7
10 11

] [
0
0
] + [

8
12

] [0] [
5
9
] [0 0] + [

6 7
10 11

] [
1 0
0 1

] + [
8
12

] [0 0] [
5
9
] [0] + [

6 7
10 11

] [
0
0
] + [

8
12

] [1]

[12][1] + [14 15] [
0
0
] + [16][01] [13][0 0] + [14 15] [

1 0
0 1

] + [16][0 0] [13][0] + [14 15] [
0
0
] + [16][1]]

= [

[1] [2 3] [4]

[
5
9
] [

6 7
10 11

] [
8
12

]

[13] [14 15] [16]

] = [

𝐴11 𝐴12 𝐴13

𝐴21 𝐴22 𝐴23

𝐴31 𝐴32 𝐴33

] 

Column permutations 

𝑃1 = [

021 𝐼11 013

𝐼22 021 023

032 031 𝐼33

] , 𝐴𝑃2 = [

𝐴11 𝐴12 𝐴13

𝐴21 𝐴22 𝐴23

𝐴31 𝐴32 𝐴33

] [

021 𝐼11 013

𝐼22 021 023

032 031 𝐼33

] = [

𝐴12 𝐴11 𝐴13

𝐴22 𝐴21 𝐴23

𝐴32 𝐴31 𝐴33

] 
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𝑃2 = [

𝐼11 013 021

021 023 𝐼22

031 𝐼33 032

] , 𝐴𝑃2 = [

𝐴11 𝐴12 𝐴13

𝐴21 𝐴22 𝐴23

𝐴31 𝐴32 𝐴33

] [

021 𝐼11 013

𝐼22 021 023

032 031 𝐼33

] = [

𝐴11 𝐴13 𝐴12

𝐴21 𝐴23 𝐴22

𝐴31 𝐴33 𝐴32

] 

𝑃3 = [

013 021 𝐼11

023 𝐼22 021

𝐼33 032 031

] , 𝐴𝑃2 = [

𝐴11 𝐴12 𝐴13

𝐴21 𝐴22 𝐴23

𝐴31 𝐴32 𝐴33

] [

021 𝐼11 013

𝐼22 021 023

032 031 𝐼33

] = [

𝐴12 𝐴11 𝐴13

𝐴22 𝐴21 𝐴23

𝐴32 𝐴31 𝐴33

] 

Row Permutation 

𝑃4 = [

021 𝐼22 023

𝐼11 012 013

031 032 𝐼33

] , 𝐴𝑃4 = [

𝐴11 𝐴12 𝐴13

𝐴21 𝐴22 𝐴23

𝐴31 𝐴32 𝐴33

] [

021 𝐼22 023

𝐼11 012 013

031 032 𝐼33

] = [

𝐴21 𝐴22 𝐴23

𝐴11 𝐴12 𝐴13

𝐴31 𝐴32 𝐴33

] 

𝑃5 = [

𝐼11 012 013

031 032 𝐼33

021 𝐼22 023

] , 𝐴𝑃4 = [

𝐴11 𝐴12 𝐴13

𝐴21 𝐴22 𝐴23

𝐴31 𝐴32 𝐴33

] [

𝐼11 012 013

031 032 𝐼33

021 𝐼22 023

] = [

𝐴11 𝐴12 𝐴13

𝐴31 𝐴32 𝐴33

𝐴21 𝐴22 𝐴23

] 

𝑃6 = [

031 032 𝐼33

021 𝐼22 023

𝐼11 012 013

] , 𝐴𝑃6 = [

𝐴11 𝐴12 𝐴13

𝐴21 𝐴22 𝐴23

𝐴31 𝐴32 𝐴33

] [

031 032 𝐼33

021 𝐼22 023

𝐼11 012 013

] = [

𝐴31 𝐴32 𝐴33

𝐴21 𝐴22 𝐴23

𝐴11 𝐴12 𝐴13

] 

4. CONCLUSION

This study it has been shown the methods for finding the 

block matrices. Some important examples were given to 

explain the main results of this paper. A new result was 

discussed to find the permutations matrices for a block 

matrices in two different methods. Using MATLAB code to 

prove the results of the methods that used for proof the 

theorems in this study. 
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APPENDIX 

In this section we wrote some codes by using MATLAB 

program to explain the results in chapter two and we 

introduced the general code to find the blocks matrices for any 

square matrix 

Cod (1): Find block matrices 

clc 

clear 

A = input('A=') 

Wanted = nan(length(A)); 

m=length(A) 

k=fix(2\m) 

i=1 

j=1 

D1 = A(i:i+(k-1),i:i+(k-1)) 

D2 = A(i:i+(k-1),j+k:j+(m-1)) 

D3 = A(j+k:j+(m-1),i:i+(k-1)) 

D4 = A(i+k:i+(m-1),j+k:j+(m-1)) 

F=[D1 D2;D3 D4] 

Cod (2): Multiplying block matrices in MATLAB 

clc 

clear 

A = input('A=') 

B = input('B=') 

Wanted = nan(length(A)); 

Wanted = nan(length(B)); 
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m=length(A) 

k=fix(2\m) 

i=1 

j=1 

D1 = A(i:i+(k-1),i:i+(k-1))*B(i:i+(k-1),i:i+(k-1)) 

D2 = A(i:i+(k-1),j+k:j+(m-1))*B(i:i+(k-1),j+k:j+(m-1)) 

D3 = A(j+k:j+(m-1),i:i+(k-1))*B(j+k:j+(m-1),i:i+(k-1)) 

D4 = A(i+k:i+(m-1),j+k:j+(m-1))*B(i+k:i+(m-1),j+k:j+(m-

1)) 

F=[D1 D2;D3 D4]  
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